Powered by effective parquet nesting a commensurate chiral honeycomb superstructure in a trigonally packed transition metal dichalcogenide TaSe2 results in a Dirac cone anomaly in one-particle excitation spectrum. However, the formation of the well defined Dirac point seems to be hindered by effective scattering on 2D plasmons.
Powered by effective parquet nesting a commensurate chiral honeycomb superstructure in a trigonally packed transition metal dichalcogenide TaSe2 results in a Dirac cone anomaly in one-particle excitation spectrum. However, the formation of the well defined Dirac point seems to be hindered by effective scattering on 2D plasmons. Dimensional transitions in electronic systems is in one of the main focuses of modern condensed matter physics [1, 2] . The renowned example is the transformation of the quasi two-dimensional (2D) electronic structure of graphite into the strictly 2D structure of graphene, where lowering the dimensionality turns the semi-metal with a small band gap into a zero gap semiconductor with a Dirac cone anomaly [3] [4] [5] . This has brought into play a number of new physical phenomena and has already created a new direction in a high-end technology named "bandgap engineering" [5] . The superstructural transitions provide another tool for band engineering [6] . In this paper we show that intercalating 2H-TaSe 2 crystal [7] with copper causes formation of a chiral honeycomb superstructure which, in turn, creates a Dirac cone anomaly in one-particle excitation spectrum, similar to the one discussed in case of graphene [8] or in topological insulators [9] . The spectra analysis of the anomaly reveals a dramatic increase of the quasiparticle scattering when approaching the Dirac point that allows us to conclude in favour of plasmon scattering [8] that hinders the formation of the well defined Dirac point in 2D metals. The observed superstructure itself deserves a special attention: it presents an example of extremely stable chiral electronic ordering on the surface powered by an effective parquet nesting mechanism and can be interesting for various technical applications [10] .
In contrast to 1T polytype transition metal dichalcogenides, which are often called semi-metals and also known as excitonic insulators [11] , the 2H polytypes are good metals with the large Fermi surface (FS) formed by two electronic bands crossing the Fermi level [6, 12] . The crystal structure of both polytypes is rather simple. It consists of three atom layer sandwiches: two layers of chalcogen atoms (Se, S, Te) and a layer of metal atoms (Ta, Nb, Ti) in between, all hexagonally packed. Different is the coordination of the metal atoms: octahedral for 1T-and trigonal prismatic for 2H-polytypes, respectively [7] . Figure 1a shows large FS of 2H-TaSe 2 measured by angle resolved photoemission (ARPES) (see also Refs. 6, 13, 14) . One band forms the FS barrels (hole pockets) around the center and the corners of the Brillouin zone (BZ) while the other band forms the "dog bone" electron pockets. These bands are originated from the Ta 5d electrons and are doubled due to 2H coordination. Such a band structure has a propensity to fold causing additional electronic orderings (such as commensurate and incommensurate CDW in 2H-TaSe 2 ) which have been found to be extremely sensitive to the very details of the FS shape [6] , and, consequently, can be tuned by intercalation [7] , doping [15] , pressure [16] or temperature [14] . At first glance, the only principal difference with the FS of the parent compound is a star-like feature in the center of the Brillouin zone that is a sign of a new order. One may easily notice a remarkable peculiarity of the star: it is slightly rotated with respect to the main FS (its symmetry planes do not coincide with the symmetry planes of the crystal). In other words, the new order breaks the mirror symmetry of the crystal and introduces chirality. The chirality implies that the left and right ordered domains can exist but the fact that the chiral structure is observed in the reciprocal space indicates that the domain of one sign dominates in the real space.
The symmetry of this order is clearly revealed by the scanning tunneling microscopy (STM) and low energy electron diffraction (LEED) measurements as shown in Fig. 2 . The new unit cell contains 13 Ta atoms and is rotated clockwise by about 13
• 54' with respect to the original unit cell (Fig. 1c) . The new order can be described precisely as [(3 −1) (1 4)] superstructure, in matrix notation, or as (
• 54' superstructure, in Wood's notation, and is known as " √ 13 superstructure" or "star of David superstucture" that had been observed earlier for 1T-polytypes [7] . The band folding simulation (Fig. 3a) , which is based on hopping parameters derived from the experimental dispersions measured by ARPES, proves that the star-like feature in the center of the BZ is, in fact, constructed by the first replicas of the non-disturbed electronic structure.
Since the chiral superstructure of only one sign is realized on the surface of the whole single crystal (about 3×3 mm) and is observed in the whole measured temperature range (from 15 to 300 K) one can conclude that the new order is very favorable energetically. This makes it very attractive from the practical point of view [10] , while at the fundamental level, the √ 13 superlattice in Cu-intercalated 2H-TaSe 2 appears puzzling in both its origin and its consequences.
To understand the origin of a superstructure one should answer two questions: where does the superstructure gain the energy from and what is the microscopic structure of the superlattice. Exploring the distribution of the electronic density below the Fermi level, we see where the gain of the kinetic energy of the electrons comes from: the folded electronic structure is effectively gaped. The maps of the electronic density at 0.16 eV and 0.32 eV binding energies (Fig. 1c,d) show that the replicas of the band structure are gapped everywhere they are observed except of the BZ centre. Figure 3b shows the reason for such a gap: a precise parquet nesting of the dog-bone FS sheet by exactly the √ 13R13
• 54' vector. The segments of the FS are nested when, being shifted by a nesting vector, they coincide having the opposite Fermi velocities. The parquet nesting is the nesting of the segments within one FS sheet. It is efficient when the FS has extended segments of similar shape but opposite curvature. Naturally, such a good parquet nesting should result in a larger gap and higher transition temperature than the inter-sheet FS nesting responsible for 3×3 CDW in 2H-TaSe 2 (see Ref. 6 ). The gap value can be estimated as 90 meV while the transition temperature remains beyond 300 K, the maximal temperature reached in our experiment.
Revealing the microscopic picture of the superlattice is more intricate. The observed gain in the electronic kinetic energy can cause the superstructural transition of the crystal lattice [the structural transition which leads to the formation of periodic lattice distortions [17] (PLD)] or non-PLD ordering, such as ordering of the intercalate [7] or a self-sufficient electronic density wave. In addition, the superlattice can be formed in the bulk of the crystal and/or on its surface.
Comparing the intensity maps shown in Fig. 1a with the simulations of the folding one can conclude that the former represent the superposition of the electronic den- • 54' with respect to the original unit cell (yellow).
sities from two types of crystal lattice: with and without the superstructure. Since, at the excitation energy used in our experiment, ARPES accesses the electrons from more than one layer [18] , one can further conclude that the superstructure is realized either in the bulk or at the surface but not in both (the domain scenario is not applicable here due to the fact that we routinely observe the chiral superstructure of only one sign). Clear observation of the superstructure by surface sensitive STM shows that it is the surface layer that is reconstructed. This rules out the ordering of intercalate. In addition, the superstructure, as seen by STM, disappears at higher bias voltage, in contrast to √ 13 superstructure in 1T-TaSe 2 [19] , which makes the surface PLD very unlikely. Therefore, we conclude that the microscopic origin for the superlattice is surface electronic density modulation realized on low binding energy electrons.
Now we switch to an interesting consequence of the √ 13 superstructure in Cu-intercalated 2H-TaSe 2 -a Dirac cone formation. The bright point in the center of the BZ in Figure 1c appears to be a vertex of a cone in the electron excitation dispersion. The evolution of this point into a circle at higher binding energy is seen in Figure 1d . From the momentum-energy cut, taken around BZ center along k y = 0 direction and examined in Figure 4 , one may conclude that the dispersion is really linear, which is a signature of the Dirac fermions [3, 4] . As a matter of fact, the cone is constructed by the six first-order replicas of the band which forms the FS barrels around the center and corners of the BZ (see Fig. 3c ). It remains puzzling why the intensity of the electrons that forms the Dirac cone is dominating as compared to the intensity of the other replicas that should be present nearby in the momentum space. Intuitively, the formation of Dirac cones in electronic dispersion may be a general consequence of the honeycomb symmetry [20] that, in case of graphene, is formulated in terms of symmetry between two equivalent carbon sublattices [3] . We believe that accurate analysis of the scattering potential [21] will clarify this issue.
While a single surface state Dirac cone is considered as a signature of topological insulator [9] , the further analysis suggests that well defined Dirac point is not allowed in a good metal such as 2H-TaSe 2 . Figure 4d shows that the scattering rate, which can be deduced from the width of the ARPES spectrum [22] , tends to diverge approaching the Dirac point, which looks as "evaporation" of the vertex of the cone in Fig. 1b,c . This observation supports the idea of strong electron-plasmon coupling suggested to explain a "kinked" dispersion in graphene [8] . Strong electron-plasmon coupling is indeed expected for any 2D metals [23] . The coupling between Dirac fermions and 2D plasmons is expected to be even larger because the plasmons with the square-root dispersion scatter effectively the electronic excitations around the Dirac point [8] . Therefore, it is natural that the effect of plasmons on Dirac fermions observed in graphene is dramatically increased in such a good metal as 2H-TaSe 2 .
In summary, we explore the mechanism and the consequences of the chiral honeycomb superstructure in 2H-TaSe 2 induced by Cu intercalation. Based on the observed spectral weight redistribution, we conclude that the new electronic ordering appears at the crystal surface due to effective parquet nesting. An interesting result of the new order is the formation of a Dirac cone anomaly, though with not well defined Dirac point.
